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(Paper 3-0. 2265.) 

‘‘ Improved Systems of Chaining for Land and 
Engineering Surveys.” 

By WILLIAJI MAXN TIIoxrsoN, M.A., B.E., Assoc. N .  Inst. C.E. 

OF these  improved methods of measurement  the first described is 
tha t  which,  after  many  trials and experiments, has been found to 
,give  results  which approach  almost to  the accuracy of trigono- 
metrical measurement, and is a  system which has been proved most 
.suitable for the  detail work of the  City of Sydney. This  particular 
nse of l-chain  lengths is the most  convenient  for working in  the 
heavy traffic of a crowded city. 

The second system described is superseding all other nzodes of 
measurement in  suburban  and  country districts-where the  lines 
.are  long  and  there  is  little or no traffic to  interfere  with  the u6e  of 
long  lengths of st,eel bands. 

Of these two systems the first has had its origin from the neces- 
4 ty  that existed of having some good, quick  and  reliable  method 
for measuring  traverse  and  working  lines  in  carrying  out  the 
detail  trigonometrical  and sewerage-survey of Sydney.  This 
survey,  which has been carried out, in a somewhat similar manner 
to  that of the  English ordnance survey, was started on the recoln- 
luendation of the  late Mr. W. Clark, M. Inst. C.E., that good and 
trustworthy  detail  plans of the  city should  be  prepared,  to  enable 
the final  works  for the disposal of the sewage to be  properly 
designed  and constructed. 

As is well known, in  surveys for such purposes as Metropolitan 
railways, sewerage, &C., where all  details  in  the shape of buildings, 
existing lines of drains, watercourses, and  property boundaries re- 
quire to be shown with  great accuracy, and  where in consequence a 
great  number of traverse  lines  must be laid  out  and chained, it is 
essentially necessary that some method  should be adopted for the 
measurement of these  lines which  will  give  accurate results, and 
at  the same time  be expeditious. 

In this  particular case, where the work as it proceeded was con- 
nected with  the main  trigonometrical  stations, and  the co-ordinate 
values of the  detail stations  were checked by comparison with 
,those of t,he  main survcy, it was  found that  the old  system of 
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chain  surveying was most unsatisfactory, and consequently it was 
abandoned. 

The first improvement  adopted was the use of a steel riband 
about 4 inch to 3 inch  in breadth, and about gT inch  in thickness. 
This  riband was used in a similar  manner to  the old chain, that 

FIGS. 1. 

ADJCBTISG SLIDE; BACK END OF CHAIR. 

is, with  the  ordinary  chain arrows and  plumbing arrow, and no 
allowance was made for sag or for alteration in  length  arising from 
differences of temperature ; consequently the  results obtained, as 
compared with  the calculated  results, were not as good as they 
might  have been. As an improvement on this, a steel riband 
-;- inch wide and 2% inch  thick was aubstituted, and  this  riband 
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was  furnished  with adjustable  handles  worked by means of screws 
and lock-nuts, so that it was capable of being  adjusted  to  the 
standard laid clown at Sydney  Observatory. 

The  results  with  this second riband  were  much  superior  to  any 
obtained  previously, but  there was still roo~n  for  improvement, 
and to effect this improvement was now what remained to be 
done. In the  first place the  holding of the back  end of the chain 
by  the hand was found to be a souxe of error,  and t o  obviate this  a 
contrivance  was  designed so that  when  the  strain was  applied the 
whole  weight of the back  chainman  should be available to  resist 
it. This contrivance  (Figs. 1) consisted of a board  about 1 foot 
6 inches  long by 14 inches  broad, on which  was  nailed a leathern 
pad t o  act  as  a  cushion  for  the man’s knees; t o  the  front o f  the 
board was attached a brass  slide  worked by a large  milled-headed 

FIGS. 2. 

W 

CKAIN-HAXDLE FOLLOWING END. 

screw, and capable of a forward  and  backward  movement; the 
front end of this  slide  terminated  in  a hook, t o  which  the chain 
was fastened, the end of the chain having  a special  handle with 
a loop attachment,  into  which  the hook worked; the handle  was 
also furnished  with  a  small steel  knife-edge (Figs. 1 and 2 ) .  

Again it was found that unless the men maintained a uniform 
strain on the  riband  error was caused by  the different  tensions 
applied. To obviate  this, on the leading  end of the  riband  a  small 
spring-balance  (capable of registering  a  pull of 30 lbs.) was placed, 
and  this balance  was  attached to a collar which could be moved 
up and down  a bar (called a straining-bar),  and  by  means of a 
butterfly-screw  clamped in any desired position (Figs. 3). To  the 
other, or hook end of the balance,  was  attached a brass  plate fur- 
nished at one ex.t,remity with a swivel  attachment  for  connecting 
the riband,  whlle  the  other  extremity  was connected with the 
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balance. In the centre of this plate was drilled a hole 2% inch 

L 

in diameter,  to allow the  string of a plumb-bob to pass through, 

Downloaded by [ University of Liverpool] on [14/09/16]. Copyright © ICE Publishing, all rights reserved.



272 THOMPSON ON IMPROVED SYSTEMS OF C H A ~ I N G .  [Sclcctect 

and  the distance from the  centre of this hole to  the cdge of the 
knifc-edge on the back end of the  chain was  accurately adjusted 

to  the obscrvatoly standard.  This  ad- 
FIG. 4. justlnent being made with  the riband, 

supported at  its extremities only, and 
strained  with  the same tension that is 

between two points A and B is rcquired, 
and  that A is on the summit of a hill, 

. .  while B is at  a lower level. Here it is 
necessary to  state  that  in  using  this 
method of chaining it is always  usual to 

work with  the leading or straining-bar end 011 the downhill side, 
the reason being obvious ; but  in case a hill intervcnes between the 
extreme ends of the line, then a point should  be  lined in upon its 
snlnmit, and  this used as a starting point working both ways and 
ta.king the SUIII. All attachments  having been made, the man at  
the back cnd kneels on the pad, and  with  the screw brings  the 
knife-edge exactly over the  starting point ; the person in charge 

.c - 

STRAINING-I:.%R, LEADIXG END. 

intended  to be  applied as a  working 
strain, which is generally  about 16 lbs., 
any  error from sag  is  thus elimiuated. 

The  straining-bar, a piece of hard wood 
13 inch  by 13 inch, and from 12 to 
14 feet  long, is furnished at  its foot with 
an  iron shoe largo cnough for a man  to 
put  his foot upon to  steady the bar, 
while  with  his  hands  he  pulls  the  bar 
as a  lever turning upon a hinge  in  the 
shoe as a fulcrum (Fig. 4). At  the out- 
set, when the  riband is adjusted, the 
temperature  is carefully noted by a deli- 
cate  thermometer  attached to  it, so that 
the  bulb  may be in contact with  the 
steel, care  being taken to keep the whole 
length of riband  in shade during  adjust- 
ment. The  reading of the thermometer 
is useit afterwards as  a standard by 
which  all  lengths made in future measure- 
ments are corrected for expansion or con- 
traction of the metal. 

The  chaining  with  this contrivance is 
carried out as follows, and for example 
it is assumed that  the accurate  distance 

T” 
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then  sights  the back end of the  chain  with a small self-adjusting 
plumb-level (Fig. 5) ,  and gives the leading  man the  height  to 
which  he must  slip  the collar on the straining-bar. This fixed 
(and the  temperature from the  attached thermometer noted), the 
leading man puts  his foot upon the shoe, and  pulls  the  bar  until 
1G lbs. is registered on the balance, then,  holding  the bar with one 
hand,  with  the  other  he raises or lowers the plumb-bob until it 
just swings clear. An assistant now notes the approximate position 
of the point of the plumb-bob, and drives into  the ground either a 
small wooden peg about 1 inch  by 1 inch,  or else a clout-headed 
nail,  according to  the  nature of the soil (if rock, a scratch is 
made); a piece of gummed paper is then affixed to the  nail or peg, 

FIG. G'. 
FIG. 5 .  

SELF-ADJUSTING CHAIN LEVEL. PLUDIB-BOB. 

on which, when  the plumb-bob is allowed to swing again, the point 
directly  under its centre is marked. A special plumb-bob with a 
low centre of gravity,  and a long, fine steel  point, is used for this 
purpose (Fig. 6). 

Lately it has been found better  to dispense with  the plumb-bob 
swinging from the  liband  to  the ground, on account of the  error 
caused by  currents of air, and  to use instead a small plumb-bob 
hung  about 4 inch from the  plate  (Fig. 3). After  setting a light 
theodolite up as near as possible at right-angles  to  the end of the 
chain to  sight  the  string  where it passes through  the plate, the 
telescope is depressed and a sharp pointed pencil  held vertically on 
the  peg is put  in line, which when in correct position is twisted, 
making a small  dot sufficiently distinct for the back chainman to 
see. The  chain is now  carried onward and  the process repeated for 

[THE INST. C.E. TOL. XCII.] T 
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the second chain. To  facilitate  the  setting of the theodolite at  right- 
angles  to  the chain, close to  the  spring balance, a  light wooden bar 
is placed  and  clamped so as to  lie a t  right-angles to  the riband. 
By keeping the extreme  ends of this  bar  in  line (or in  short  seeing 
straight  along it) the position in  which t o  set up  the  instrument 
is  given  with tolerable  accuracy. 

The whole operation, though seeming  somewhat  complicated  and 
tedious,  after  a little practice  is  quickly  and  easily done, and  gives 
such  excellent  results  (Appendix,  Tables I and 11, Traverses 
'' A " and '' B ") that  there  is never any necessity  for  checking by 
re-measurement. 

The average rate of progrcssion on undulating ground  is  froln 
20 to  25 chains  per  hour, and  this  is  usually performed with two 
men, an assistant  and  a boy, besides the officer in charge-the assis- 
tant  to  mark  the chain-lengths,  pick up chainage of any interme- 
diate  station  and  take  the  temperature  readings,  a  man at either 
end  to  work  the chain, and  the boy to  carry forward any  ranging- 
rods  required  to  mark  the  line ; and  lastly  the officer in charge to 
work the theodolite  and  note  results,  which are generally  tabulated 
thus :-- 

Line. 1 Temperature l As Chained 1 Correctio,,, /Corrected  Chain- 
Fahrenheit. / Links.  age1,inks. Remarks. 

A to  B :[ l 

l 
1,421:SO 1 .. 

The theodolite need not be larger  than a 4-inch  instrument,  care 
of course being  taken that  the  levelling adjustments  are  perfect, as 
also the  adjustment for the horizontal  axis. 

For  all practical  purposes in a  chain length of riband,  the eupan- 
sion of steel is 0.01 inch for  a  rise of 2" Fahrenheit,  and  taking 
0.08 inch as approximately  equal to 0.01 link  the correction  for 
temperature  is easily  and  quickly  applied. Thus  in  the above 
example the  riband used was standard at 70' Fahrenheit, conse- 
quently  the correction  for  expansion will bc- 

820 + 94" = SS" mean  temperature. 
2 

88" - 70" = 18' excess above  standard. 
1 8 O  
2 

1.26 
8 

- = 0 09 inch for 1 chain. 

0.09 X 14 = 1 - 2 6  inch for 14 chains. 

- = 0 * 1 G (nearly)  link. 
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And  this  must be  added to  the measured chainage, seeing that 
since the chain is long  the chainage must consequently be short. 

The mean temperature  is used for the final correction and  with 
this (temperature) correction it is found that  the  errors occur, as 
frequently  the  line  is  partly  in shade and  partly  in  sun,  and, owing 
to  the bad conducting  property of the glass bulb of the thermometer, 
the steel ribancl alters  in  length faster than  the attached  thermo- 
meter records or registers the  variations of temperature. This, 
however, might be partly remedied by coating the  bulb of the 
thermometer with some dark adhesive substance, which would 
have  the effect of rendering it more sensitive. As an example of 
the accuracy of measurement obtained by this method two closed 
traverses are  given  in  the Appendix. 

I n  each of these the angles  were taken  with a Troughton  and 
Sinlms G-inch transit theodolite, each angle  being repeated  four 
times, and at  each reading  the mean of the verniers was taken, and 
finally  the mean of the readings. I n  both cases the difference of the 
included angles from an exact multiple of 90” clid not exceed 14“. 
I n  both cases (“ A ” and “ B ”) the lines  were chained on the 
system before described ; but  in  the first  traverse, “ A ” (Table I), 
the  marking was done with  the plumb-bob swinging  full  length. 
I n  the second traverse, “ E  ” (Table II), the  marking was clone 
with a theodolite. 

As another example of the accuracy obtained by  this method of 
chaining, the following problem was worked out  in  the presence of 
ten or twelve persons interested  in accurate measurement ; and it 
was done to show that  in  the  event of stations being lost or de- 
stroyed  their position  could  be without  much difficulty again 
defined. A stake (centred with a tack) was driven  in  the  ground 
in  such a position that  three trigonometrical  stations (in  this case 
spires of churches) were distinctly visible from it; and  -also a 
station of the  detail  survey (which  for the purpose of this ex- 
periment was supposed to  have been lost) was  not only visible 
but accessible for direct  n~easurement. By observing the  three 
spires  from the  stake  the old well  known three-point question was 
worked out,  and  the co-ordinate values of the  stake were  determined ; 
then, from these  values and  the values of the  detail station, which 
were  known, the  direct  bearing  and distance  from the  stake to this 
station were calculated. Finally  the  direct distance  was measured 
and compared with  the calculated  distance ; the  results being :- 

Bearing. 
D I I ,  Links. 

By calculation . . . . . 342 22 26 183.68 
By measurement . . . . 342  22 2 183.75 

T 2  
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This three-point proldem was t,hen again performed from a second 
point, thc  results  in  this case heing :- 

0 r # I  
Bearing. Links. 

By calculation . . . . . 21s 57 22 375.41 
Uy mensnrement . . . . 218 57 2 i  379.49 

This method of the  straining-bar  will be  found of great service to 
those who  wish  to  lag  out  lines for snch purposes as bases from 
which  to  triangulate a river for a bridge, and where the more 
elaborate and costly rods as used on a base survey  are not obtainable ; 
and still more so for such surreys AS have  already been mentioned, 
viz., those for  metropolitan railway- and sewerage-works, and, if 
required, could, with a slight modification, be used wit'h  adrantage 
for setting  out  railway or other curves. The few drawings attached 
show all  the necessary arrangements,  which are usually made as 
sinlple and as light as possible. 

The second system of long-wire chaining is, as has  already been 
nlentioned, more suitable for working  in  the open conntIJ-. The 
system had its origin in New South Wales, and  is not, the  Author 
believes, used in  any  other  part of the wol-ld. 

This  long wire can be applied for measuring in  either of three 
different was-s :-I. Using a long wire with a  constant  tension and 
supporting it at  short intervals. 11. Using a long wire with a 
constant tension, supported only at  its extremities, then correcting 
for sag. 111. Using a long  wire  supported  only at, its extremities, 
lmt  varying  the tension according to  length. 

For  either of these cases it is customary to use a long  light steel 
riband, the  ordinary size of which is inch broad, of a weight 
of about l lb. to a length of 380 links.  This  wire  may be made 
in one length of 5 or 10 chains, or else made in  l-chain  lengths so 
that each length  may be unshackled. This  latter method of being 
able to  lengthen or shorten the  riband is found the most con- 
venient, as for all ordinary purposes chaining 5 chains at a time 
gives the best results  and involves less calculation  for corrections. 

These ribands  are  generally constructed by the owners, who buy 
a roll of the  material  and  cut it to  suit themselves. The most 
common method, as before stated, is to  cut it into lengths  and  then 
bend the ends into loops, sinlilar  to  Fig. 7, the distance between 
the  inner side of the loop a t  either  end being made equal  to 1 chain. 
The doubled-orer  ends are  prewnted from bending back by a 
slip made of a piece of sheet brass bent round so as  to form a socket 
-proper shackles are now made and sold ; but in practice,  where it 
sometimes happens  that a length  will  get  twisted  and broken, and 
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applia,nces are  not  always  to  hand  to remedy the defect and adjust 
new ends, it is lnore convenient to use the loop connections, which 

FIG. 7. 

-=+-Q ..... ...~ ..... 

Shut. Open. 
LOOP COSX’ECTIOJ. 

are  quickly  and easily inado, and do not  require  drilling, &c. 
I n  using these ribands  in  the field, instead of measuring horizon- 
tally  as  in  the previous  method and  in all old systems, all  lengths 
are measured on the  hypotenusal system, that is, the  angle of eleva- 
tion or depression, as  the case may be, is  taken  with a theodolite, 
and  the measurement is made from the horizontal axis of the  instru- 
ment  to  the point observed (Fig. 8), the horizontal length  being 
afterwards deduced by calculation, results being kept  in a book 
specially  prepared and  tabulated somewhat in  this  manner :- 

Line. I Portlon. g- j Horizontal 

I Ternperature.1 IJengtb. 

With  regard to the  relative  merits of the  three different  methods 
of using  the wire, some prefer one, some another,  and, if  properly 
worked, there is little  to choose between then1 ; I1 and 111 are 
most suitable for rough  and broken country; I involves less cal- 
culation  but  requires more men for effectual working. 

I n  working method I, namely supporting a long  wire at  short 
intervals and using a constant tension, it is necessary for roads, 
streets  and  stony ground, to use light rods  supported in a vertical 
position, either  by means of tripods or else fitted  with blocks 
(Figs. g), these rods having  an  arm capable of being moved up and 
down them, and clamped at   any desired height.  For open country, 
paddocks and grass lands,  where a shod pole can be struck  upright 
in  the ground,  ordinary  ranging rods fitted with  the  arm suffice. 
Then,  as soon as  the elevation or depression of the  chord  has been 
observed and noted, and before the  instrument is unelamped, these 
rods are  lined  in,  generally about 1 chain  apart,  and  the  slipping 
arm is moved up or down and adjusted to  the  line of collimation of 
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the horizontal  wire and  there  clampcd;  the ribancl is now sup- 
ported on these  arm#, the tension  applied,  and the measurement 

made, as before stated,  to  the horizontal 
axis of the  instrument. In these mea- 
surements, as it is  very  unlikely that 
they  will  all be in  eren cha.ins, the 
fractions of a chain  arc  taken by means 
of a Chesterman’s  steel box - tape 
divided to  hundredths of a  link. The 
end of this  tape is generally  attached 
to  the loop of the chain length,  ending 
nearest  to  the  instrument. Thus, sup- 
pose the  line t o  be 4 chains  and a 
fraction, thc  tape would be attached to 
thc  end of the  fourth chain, the  spring 
balance to  the end of the fifth  chain; 
the riband would be pulled taut past 
the theodolite, and  the officer in charge 
would manipulate the  tape  and  read 
the distance. 

This system of supporting  the  riband 
’ at chain  intervals, for a l l  practical  pur- 

poses does away  with  the correction for 
sag, as  the difference between the  chord 
and  the  arc for  a  chain length of light 
riband  when a tolerable  tension is all- 
plied,  is  practically  nothing. 

~9 The disadvantage of the nlcthod is 
the time consumed in  lining  in  and 
adjusting  the rods, and  the  extra para- 
phernalia in  the form of supports  rc- 
quired to be carried  about. The only 
necessary corrections,  however, are 
those  for  temperature  and  reduction to 
the horizontal. 

Method 11.-Supporting a long  wire 
at  its extremities  only,  and  using a 
constant tension.-This, as will  be 
readily  seen,  requires  a  correction  for 
the curved form of the riband,  or,  as 
it is here  termed, “ a  correction for 

sag;” and  this correction will  vary according to  the  length of 
ribmd. 

FIG. 8. 

LONQ-WIRE CHAINING. 
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Now i t  is  found  in  practice  undesirable  to use a riband more 
than 5 chains  in  length,  or  to  apply a tension  much greater  than 
0 or 10 Ibs. For  with  this  length o f  riband  and  this tension the 
tension at  the  centre  will differ very  little from the applied  tension, 
and  certainly  not sufficient to cause any serious error; whereas if 
a  longer length is used the tension at   the centre  must be  calculated. 

k 3 0 

SUPPORTING RODS. 

Again,  as  regards the adoption of a pull of 9 or 10 lbs., unless 
shackles  are used, or the  riband  is  in one very  long  length,  any  great 
increase in  this  amount would cause elongation from the loop con- 
nections drawing. 

I n  making  the calculations  for the difference in  length  between 
the chord and  curve of the  wire as long as the  extremities  are  fairly 
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on a level, or  the elevation of one does not exceed that of the  other 
by more than  about 14' or l5", the  ordinary formula for a cate- 
nary  curve is applicable :- 

BY 

Where e = base of Napierian logarithms. 
a = length of wire  equal i n  weight  to  the tension at  

the lowest point of the curve. 
B = half distance  between the ends. 
c = half  length of the curve. 

When, however, the  riband is longer  than 5 chains, the tension 
a t   t he  centre  will  require to  be calculated,  and  this may be  found 
from- 

Where T = applied tension, or  tension  at  the ends. 
H = horizontal  tension a t  centre. 

and P = vertical load or  weight of half  the  wire  (in  this case 

where 350 links of wire  weigh 1 lb.) = --y, so that  the above 

equation becomes :- 

b 
300 

The following Table  will  give  the correction for sag,  the first 
four lines from 2 chains to 6 chains being  calculated on the assump- 
tion  that  the tension at  the  centre is equal  to  the  applied tension, 
and  the  last 5 chains, from G chains to 10 chains,  calculated with 
the tension-as given by the above formula and calculated below :- 
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As an  example : suppose it be required to  know the  length of 
wire between two  points 4 chains distant  and on about  the same 
lerel. Also let 350 links  in  lengths of wire = l lb., and suppose 
the tension at  the ends to be 9 lbs. 

Here a = 350 X 9 = 3,150 
a 3,150 
2 2  
- -- - = 1,575 

b 200 
a 3,150 log. 3,160  3.4983106 
- = 0.063402 log. 200  2.3010300 

Then 

- 
2.8027194 

b - 0.063492 
ea = 2 . 7  &c. = log. 2 . 7  &C. X 0.063492 

= 0.4342945 X 0.063492 
= 0.0276742 ' 

number corresponding = 1.06555 

- l l 
e b =  - -  __ -- 

a 4. 1.06555 
- 

ea 
= 0.93848 

l ,  b - - -  
ea - e a = 1.06555 - 0.03848 

= 0.12507 

- 
1 1040430 
3.1972860 

2.3013236 log. of 200.135 
= 200.135 
= c  

200.135 X 2 
= 400.270 
= length of riband  in curve. 

That is, the  length of curve  is  longer  than the chord  by 0 * 27 link, 
so that t o  measure 4 chains  with  this  wire  and  with a tension of 
9 lbs. the  wire would  have to be made 400.27  links long. Kow 
if it is  decided to  apply  always  the same tension it will  readily be 
seen that,  by  calculating  the difference of chord  and arc for  each 
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increase of 1 chain, the ribands,  when  being  adjusted  can be 
marked  if  in one piece, or  the  lengths  can be so arranged  that, 
when unsupported, the  marks  or  ends of lengths  will denote  even 
chains on the chord ; thus :- 

The first length  with  a tension of 9 Ibs. might  be made . 100.000 
The second . . . . . . . . . . . . . .  100.020 
The  third . . . . . . . . . . . . . .  100.094 
The fourth . . . . . . . . . . . . . .  100.156 
The  fifth . . . . . . . . . . . . . .  100.266 

500.536 

And  this  marking  will  give  approximately  accurate  results  as 
long  as  the  angle of elevation or depression does not exceed 15'. 
For  greater  elevations  or depressions it would be necessary to cal- 
culate  the correction which would diminish  as  the  angle increased, 
supposing the  tension  applied  at  the  higher end. 

If it is required  in  this  system of constant tension to correct for 
sag  when  the  angle of depression or elevation of the chord is 
considerable, the corrections  necessary may be found from the 
following formulae' :- 

Let r = correction  required. 
t = constant tension. 
l = length. 

20 = weight  per chain. 
8 = angle  between chord and zenith. 

E3 wz sin2 0 
9.- - -  I f  tension is applied at   the lower 

end of the riband. 

___ l3  w2 sin2 0 
I f  tension is applied at, the  upper 

end of the  riband. 

For the equations involved in  this method for calculating  the correction 
for sag, when  the  angle of chord is considerable, and also for those made use of in 
the  third metllod of variable tensions, the Author is indebted  to  a brother officer, 
Mr. G. H. Knibbs, who has made this  his special study,  both  practically  and 
theoretically,  and ait l l  Those kind permission the  equations  aud  Tables following 
are inserted. 
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I f  r' is taken  to  represent  the corrections reduced to  their hori- 
zontal value, these  last  two  equations become- 

Method 111.-With regard  to  the  third method, using a long 
wire,  supported only  at its extremities, but  varying  the  tension 
according  to  the  length,  all  that need be done is to  note  the  number 
of chains of wire  between  the  instrument  and  the fixed point, and 
then  to  turn  to a Table, which for convenience is kept pasted in  
the field-book, and  obtain from this  the  required tension  for the 
length  out,  and see that  this tension is the one applied. 

These  Tables  are  usually calculated by the officer himself for 
whatever description of wire  he  may consider suitable  to use, and 
they  may be readily compiled from Table 111. 

The  equations necessary for the calculations may be thus briefly 
stated :-- 

First. When  the  ends of the suspended riband  are  in  the same 
horizontal plane. 

Let A = tension a t  lowest point in curved riband. 
t = standard tension. 

to = weight of 1 chain of riband. 
Ic = 0.00000779 chain;  this is a constant deduced by 

experiment,  and  represents  the extension  produced 
by a  tension of 1 lb. in a l-chain  riband  weighing 
1 lb. 

Then 

from which A may  be easily found  from a Table of cubes and 
squares,  and  this is the tension to be applied a t  either end of the  
riband. 

When  the  ends of the  riband  are  not  in  the  saEe  horizontal 
plane :-- 
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Let 9 = angle between  chord of riband  and zenith. 
T' = tension to be applied at  upper end. 
T = tension  to be applied a t  lower  end. 

T' + T 
2 .  

r =  _ _ ~  

T3  - t T 2  - l2  w3 sin2 9 
24 k 

~ = 0, from which r is found.' 

Then T' = 

T =  

7 + 2 -  

l W cos e 
l W cos e 

2 
r - - .  

If the values  for h (Le., tension a t  lowest point  in curved riband) 
have been computed for the various lengths of riband used, then T' 
and T may be found approximately  by  the  equation :- 

T' = t + (h - t )  sin 8 + 1 W cos e 
2 

These  equations  are empirical, but give sufficiently accurate 
results for values of 19 between 60" and 9O0, angles  which occur 
most frequently  in practice. 

The  Paper is accompanied by  several  diagrams, from which  the 
Figs. in  the  text  have been engraved. 

_____- 

l For values of 7 in this equation, see Table IV. 

[APPENDIX. 
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A P P E N D I X .  - 
TABLE I.-TRA4VERSE “A.” 

Bearing. 

0 , I ,  

167 46 36 
209 29 44 

79 27 47 
79 l5  37 
83 37 40 

324 42 10 
336 48 30 

339 10 48 
45 20 59 

336 0 53 
325 43 21 
329 16 48 

257 31 25 
292 57 7 

310 50 34 
168 40 2 
164 56 53 
.l87 25 24 

Distance. 
-- 

1,403.65 
427.3i 

659-47 
506.92 
671.56 
421.70 
334.16 
958.60 
889.77 

406.38 
842.42 

508.02 

499.16 
535.35 

,097.86 
489.63 

731.52 
890.47 

Sorth. 
____ - 

.. 
120.60 
94.46 

344.18 
74.55 

307.16 
673.65 
831.67 
769.67 
335.80 
436‘73 
208.76 

320.21 

South. Line. 

2 I ,  3 
1 to 2 

3 ,, 4 
4 ,, 5 
5 $ 9  6 

7 ,, 8 
6 9 9  7 

8 ,, 9 
9 ,910 

10 ,,l1 
11 , , l 2  
12 , , l3 

14 , , l 5  
13 , , l 4  

15 , , l 6  
16 , , l 7  
17 , , l 8  
18 2, 1 

East. 

297.19 

498.04 
648.35 

667.41 .. 
68i.96 

.. 

21’5.74 
189.97 .. 

West. 

210.42 .. 
.. .. 

243.66 
131.59 

316.25 
342.45 
228.88 
259.52 

487.37 
492.97 

370‘41 

.. 

.. 
12.03 -- 

3,198.55 

1,371.86 
371.98 

.. 

.. 
10i.s4 

1,0%.45 
706.42 
882.94 

1 

4,517.45  4,517.49 3,198.66 l 
Length of traverse, l mile 42 chaius 74.04  links. 

TABLE 11.-TRAYERSE B.” 

i- Line. Bearing. Forth. j South. 

- 

West. 

521.571 
570’904 
846.165 
340.907 
47.751 

728.803 
291 ‘932 

577.410 
631.831 
532.573 
662.752 
197.517 

.. .. 

.. .. 

-- 
8,950.116 

Distance. 
-- 

816 .B6 
954.98 

1,026.50 
628.59 
536.44 
515.24 
919.90 

773.17 
t 4 3 . m  

691.55 

215-57 
1 ra.57 

2,416.43 
769.21 

1 ,OGi.35 
984’ 80 

1,911.80 
426.62 

670.61 

6,877.12 

r -  

r - -  

East. 

.. 

.. 

1,328.40( 
430.50: 
815.09: 
896 * 03: 

1,563.53: 
559.851 

5,950.141 

356.72. 

-I- _ _  
I U , 0 

799 ‘ 970 
583.514 

528.118 
534.310 
424‘556 

.. 

53’2 670 
580.003 
233.993 

,100~160 
369.166 

315 38 26 
326 53 46 

’ 235 29 43 
~ 227 R 2fi 

.. 
581,656 

471.843 
445.625 
441.144 
403.214 

,018.537 
145.918 

637.489 

56i 304 

.. 

-_ 
354 53 35 
325 29 13 
232 23 51 

S ,, 9 

10 ,,l1 , 230 21 51 

230 44 43 I 234 48 18 9 ] , l 0  

11 , , l 2  l 238 41 2 
12 , , l3  233 32 40 
13 ,, 14 ~ 146 39 4 
14 ,, 15 1 145 58 5 
15 , , l6  55  51 40 

17 ,,l8 56 44 14 
16 , , l 7  i 57 5 6 

18 ,, 19 l 54 52 6 
19 ,, 1 I 56 35 57 

i 2  
,706.760 ,706.730 

I l - 
Length of traverse, 2 miles 8 chains  77‘12  links. 
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TABLE IV.-VALUES for 7 in the EQUATIOX. By Mr. G.  H. KNBBS. 

U )  = 1 lb. 
k = 0'00000779 chain. 
Z = 1 , 5  and 10. 
e = goo and 60'. 

Altitude OO. t = 25. t = 20. 

-- 
Chains. Lbs.  Lbs. 

1 

90.42  88-42 10 

60.97  58.75 5 

30.68  27.22 

Altitude 30°. I t = 20. 1 t = 25. 

Chains. Lbs. Lbs. 

1 

83.10 81.06 10 

56.46 54.18 5 

29.59 26.27 

t=30.  

Lbs. 1Lbs.F Lbs. Lbs. 

t = 3 5 .  1 t = 4 0 .  I t = 4 5 .  ---- 

34.50 

99.27 96.93 94.67 92.51 

71.30  68.50  65.84  63.34 

47'38 42.91  38.59 

t = 30. - 35. t = 40. 1 t = 45. I L L  
Lbs. 

42.24 Lbs. ~ 46-83 Lbs. 37.81 33.56 
Lbs. 

87.46  85.23 89.77 1 92.20 

64.28 I 67.21  61.51  58-90 
i 

This  Table may  be used  for interpolating  the  tensions  with  any  standard 
tension from 20 to 45 lbs. for  riband  meighing 1 lb.  per  chain. For  riband of any 
other  weight the tension for both the supported and  the suspended  riband  will  be 
proportionate, and may  be  found by multiplying  the  quantities in  the  Table by 
the weight of 1 chain of the riband expressed as a fraction of a pound. 
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